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ABSTRACT 

. 
F e a s i b i l i t y  of the " D r y  Tape B a t t e r y "  concept  has  been demonstrated 
u s i n g  t h e  d i v a l e n t  s i l v e r  ox ide  (Ag202)-zinc couple  w i t h  po tass ium 
hydroxide e l e c t r o l y t e .  
e f f i c i e n t l y  (85%) a t  high c u r r e n t  d e n s i t y  (150 amp/ft2) a g a i n s t  a 
z f n c  b lock  anode i n  a demonst ra t ion  d e v i c e .  Methods of making and 
a c t i v a t i n g  Ag202 tapes have been d e v i s e d .  Tape speed, e l e c t r o l y t e  
feed r a t e ,  and o t h e r  o p e r a t i n g  parameters  have been i n v e s t i g a t e d  
and e v a l u a t e d  a s  necessa ry  for the  d e s i g n  of  a demonst ra t ion  d e v i c e .  
Four such  d e v i c e s  were c o n s t r u c t e d  and d e l i v e r e d  w i t h  s u f f i c i e n t  tape 
decks f o r  s e v e r a l  hours  of o p e r a t i o n .  

Tapes coa ted  w i t h  Ag202 have been d i scha rged  

A d d i t i o n a l  
1964 a r e  r e p o r t e d  i n  Appendix 11. 

i n v e s t i g a t i o n s  c a r r i e d  on from 19 December t o  2 3  
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I. INTRODUCTION 

A. OBJECTIVE 

The major  o b j e c t i v e  of t h i s  work was t o  demonst ra te  the  f e a s i b i l i t y  
of the  "dry t a p e "  concept  by c o n s t r u c t i n g  a breadboard d e v i c e  t o  
u s e  e x p e r i m e n t a l l y  coa ted  t a p e s  based on the  AgaOz/Zn couple .  I n  
a d d i t i o n ,  the o p e r a t i n g  parameters  of t h i s  expe r imen ta l  system were 
t o  be determined s o  t ha t  r easonab le  e x t r a p o l a t i o n s  of sys tem cap- 
a b i l i t y  f o r  l a r g e r  systems and other e l e c t r o c h e m i c a l  coup les  could be 
made. 

B. BACKGROUND 

The "d ry  t a p e "  concept  i n  i t s  u l t i m a t e  form invo lves  t he  u s e  of a 
t h i n  s e p a r a t o r  tape on which a re  c o a t e d  the a c t i v e  components of an 
e l e  c t rochemic a1 system (oxidant ,  r e d u c t a n t  , el e c t r o l y t  e , e l e  c t rode ,  
e t c .  >. T h i s  tape can the2 be fed  con t inuous ly  o r  i n t e r m i t t e n t l y  t o  
a set  of c u r r e n t  c o l l e c t o r s  t h a t  would a c t i v a t e  the system, a l lowing  
t h e  e l e c t r o c h e m i c a l  r e a c t i o n s  t o  take place. 

The major  d i s t i n c t i o n  between primary ba t t e r i e s  and f u e l  c e l l s  i s  a 
mat te r  of system i n v a r i a n c e .  A p r imary  c e l l  i s  comple te ly  self -  
con ta ined ;  d u r i n g  o p e r a t i o n ,  f u e l  and d e p o l a r i z e r  are d e p l e t e d  while 
waste r e a c t i o n  p roduc t s  accumulate.  I n  a f u e l  c e l l ,  a more 
i n v a r i a n t  system i s  provided by con t inuous  f e e d i n g  of r e a c t a n t s  and 
withdrawal of p roduc t s .  T h i s  sys t em i s  s t i l l  n o t  comple te ly  i n v a r i a n t ,  
however, s i n c e  s e p a r a t o r s  degrade, c a t a l y s t s  become poisoned,  and 
e l e c k r o d e s  can f l o o d .  Furthermore,  mass t r a n s p o r t  o r  d i f f u s i o n a l  
p r o c e s s e s  & t e n  l i m i t  t h e  o p e r a t i o n  of b o t h  ba t t e r i e s  and f u e l  c e l l s ,  
a l t hough  g e n e r a l l y  t h i s  problem i s  more s e v e r e  w i t h  ba t t e r i e s  than  
i t  i s  w i t h  f u e l  c e l l s .  

The d r y  tape concept  i s  designed t o  minimize,  i f  no t  e l i m i n a t e ,  some 
of these common f a i l i n g s  o f  bo th  ba t t e r i e s  and f u e l  c e l l s .  It i s  a 
s t e p  towards more complete system i n v a r i a n c e  because not  on ly  t he  
f u e l  and ox idan t  b u t  a l s o  t h e  s e p a r a t o r ,  e l e c t r o d e s ,  c a t a l y s t ,  and 
e l e c t r o l y t e  are f ed  unused i n t o  t h e  system. 

1 



The major  advantages v i s u a l i z e d  f o r  such  a system are ,  f i rs t ,  
r e d u c t i o n  of c o n c e n t r a t i o n  and- a c t i v a t i o n  p o l a r i z a t i o n  through con- 
t i n u o u s  f e e d  of r e a c t a n t  and removal of p r o d u c t s  and the  con t inuous  
feed of f r e s h  e l e c t r o d e  s u r f a c e .  Second, such  a system would al low 
the  use  of known, high energy coup les  i n  h i g h  ra te  a p p l i c a t i o n s ,  
whereas i n  conven t iona l  b a t t e r y  sys tems these  same coup les  would be 
l i m i t e d  t o  low r a t e  a p p l i c a t i o n s  because of mass t r a n s p o r t  
l i m i t a t i o n s .  A t h i r d  advantage of t h e  d r y  tape concept  i s  t h a t  
w i t h  r e s e r v e - t y p e  m a t e r i a l s ,  a c t i v a t i o n  of components would occur  
o n l y  as  t h e y  are needed, p e r m i t t i n g  u n l i m i t e d  s t o r a g e  of t h e  
u n a c t i v a t e d  p o r t i o n  of t he  t a p e .  

The complete development of such  a sys tem would r e q u i r e  a t o t a l  e f -  
f o r t  that would n o t  be j u s t i f i e d  u n t i l  the  f e a s i b i l i t y  of'J;he b a s i c  
concept  i s  demonstrated.  For t h i s  r e a s o n ,  o u r  ma jo r  e f f o r t  has been 
t o  demonst ra te  t h e  f e a s i b i l i t y  of the  concept  i n  a ve ry  e l emen ta ry  
form. E l e c t r o l y t e  i n c a p s u l a t i o n ,  c a t a l y s t s ,  e t c . ,  were no t  c o n s i d e r e d  
i n  t h i s  i n i t i a l  program. For demons t r a t ion  purposes ,  the  Ag202/Zn 
couple  was used f o r  comparison w i t h  o t h e r  h i g h  r a t e  b a t t e r y  systems. 
The program was not  des igned  n e c e s s a r i l y  t o  op t imtze  t h i s  p a r t i c u l a r  
couple  b u t  r a t h e r  t o  demonst ra te  i t s  f e a s i b i l i t y  by de te rmin ing  t h e  
o p e r a t i n g  parameters s o  tha t  sound e x t r a p o l a t i o n s  t o  f u t u r e  system 
c a p a b i l i t y  can be made. 

2 



11. SUMMARY AND CONCLUSIONS 

The f e a s i b i l i t y  of t h e  "Dry Tape B a t t e r y "  concept  has  been shown w i t h  
the Ag202hOH/Zn system. A cathode (Ag202) u t i l i z a t i o n  of 85% was 
a t t a i n e d  at h igh  c u r r e n t  d e n s i t y  (150 amp/f t2) ,  whi le  a t  lower c u r r e n t  
d e n s i t i e s  cathode u t i l i z a t i o n  approached 100%. 

The ca thode  m a t e r i a l ,  Ag202, was a p p l i e d  i n  aqueous s l u r r y  w i t h  a b i n d e r  
t o  a nonwoven f a b r i c  base  t o  fo rm a f l e x i b l e  t a p e .  Discharge was ac -  
complished by drawing t h e  t a p e  between t h e  c u r r e n t  c o l l e c t o r s ,  one of 
which a l s o  se rved  a s  t h e  z i n c  anode. E l e c t r o l y t e  was s u p p l i e d  by a 
second t a p e ,  prewet ,  which con tac t ed  t h e  coa ted  t a p e  p r i o r  t o  t h e  c u r r e n t  
c o l l e c t o r s .  

I n v e s t i g a t i o n  o f  t h e  v a r i o u s  o p e r a t i n g  pa rame te r s  of  t h e  t a p e  system 
provided  the fo l lowing  o p e r a t i n g  ranges  : 

Current Densi ty  - up t o  200 amp/ft2 

Tape Speed - 0.2 t o  1.5 in./min 

E l e c t r o d e  Contac t  P r e s s u r e  - 0.1 t o  0.8 l b / i n .  2 

E l e c t r o l y t e  Feed Rate - 0.15 t o  0.3 cc/min 

Using t h e  above o p e r a t i n g  ranges ,  a demonst ra t ion  d e v i c e  was des igned  
and f o u r  such u n i t s  were c o n s t r u c t e d .  These u n i t s  were d e l i v e r e d  w i t h  
20 t a p e  decks s u f f i c i e n t  f o r  s e v e r a l  hours  of o p e r a t i o n .  The demon- 
s t r a t i o n  u n i t s  were n o t  weight opt imized b u t  des igned  t o  show f e a s i l i b i l t y  
of t h e  concept  f o r  a p p l i c a t i o n  t o  systems of t h e o r e t i c a l l y  h igh  energy 
d e n s i t y .  

It is  concluded t h a t  t h e  "Dry Tape" concept  i s  f e a s i b l e  and t h a t  i t  can 
be used t o  improve t h e  h i g h - r a t e  d i s c h a r g e  c h a r a c t e r i s t i c s  of high 
energy d e n s i t y  c o u p l e s .  The power r e q u i r e d  t o  d r i v e  the  t a p e  system i s  
s m a l l  compared t o  t h e  o u t p u t  power. R e l a t i v e l y  incompa t ib l e  coup les  
can  be used s i n c e  i t  has been shown t h a t  a c t i v a t i o n  can be accomplished 
j u s t  p r i o r  t o  d i s c h a r g e .  

3 



A. 

111. PHASE I A .  MECHANICAL ASPECTS 

LABORATORY TAPE EVALUATION DEVICE 

A l a b o r a t o r y  t e s t  d e v i c e  f o r  e v a l u a t i o n  of  e x p e r i m e n t a l  t a p e s  was 
c o n s t r u c t e d  b e f o r e  t h e  formal  s t a r t  o f  t h e  p r o j e c t .  F i g u r e s  1 
and 2 are photographs o f  t h i s  d e v i c e  as s e t  up f o r  "dua l  t a p e "  
o p e r a t i o n .  I n  d u a l  t a p e  o p e r a t i o n ,  an uncoa ted  t a p e  wet ted w i t h  
e l e c t r o l y t e  j o i n s  the  c o a t e d  t a p e  j u s t  b e f o r e  e n t e r i n g  t h e  c u r r e n t  
c o l l e c t o r s .  

The d u a l  t a p e  i s  d r i v e n  by a v a r i a b l e  speed  dc motor  coupled  t o  
a r e d u c i n g  gearbox and a torque-measurbng - d e v i c e .  I n i t i a l l y ,  
e l e c t r o l y t e  was f e d  from a micrometer  s y r i n g e  ( 6 ) ,  powered by a 
Zero-Max v a r i a b l e  speed d r i v e  ( 7 ) ,  t o  a wicking pad ( 5 )  t o  d i s t r i b u t e  
t he  e l e c t r o l y t e  on to  t he  uncoated  tape b e f o r e  i t  j o i n s  t he  c o a t e d  
t a p e .  After a s a t i s f a c t o r y  range  of e l e c t r o l y t e  feed r a t e s  was 
de termined  by t h i s  method, t h e  uncoated  t a p e  was pre-wet w i t h  t h e  
des i r ed  q u a n t i t y  of e l e c t r o l y t e  t o  more c l o s e l y  s i m u l a t e  t h e  o p e r a t i o n  
o f  t he  breadboard demons t r a t ion  u n i t s .  

F i g u r e s  1 and 2 show the l a b o r a t o r y  t a p e  e v a l u a t i o n  d e v i c e  set  up 
f o r  "dua l - t ape" ,  s y r i n g e - f e e d  e l e c t r o l y t e  o p e r a t i o n .  Th& d r y  Ag202 
c o a t e d  t a p e  (1) i s  p u l l e d  o v e r  a p l a t f o r m  and t h e n  passed  between 
s t a i n l e s s  s teel  r o l l e r s  (17), where i t  I s  p r e s s e d  a g a i n s t  t h e  

t a p e  i s  wetted as it p a s s e s  bver  the  e l e c t r o l y t e  wicking pad ( 5 ) .  
The wetted t a  e (15)  i s  drawn w i t h  t h e  s e p a r a t o r  between t h e  c u r r e n t  
c o l l e c t o r s  ( 2  s , t h e  lower one of which i s  a z i n c  b lock .  The uppe r  
c u r r e n t  c o l l e c t o r ,  a s i l v e r  p l a t e  mounted on P lex ig l a s@,  i s  
p o s i t i o n e d  by t h e  gu ide  ( 1 4 )  and screws (18). The d i s c h a r g e d  t a p e  
(16)  i s  dpawn up on the  tape-up  s p i n d l e  (31, which i s  d r i v e n  th rough  
the  t o r q u e  meter  ( 1 2 ) .  

I 

, p r e v i o u s l y  wet ted  e l e c t r o l y t e / s e p a r a t o r  t a p e  (13 ) .  The s e p a r a t o r  

1. Cathode C o l l e c t o r  

The ca thode  c o l l e c t o r  was o r i g i n a l l y  a f l a t  s i l v e r  s t r i p  unde r  which 
t h e  Ag202-coated tape passed. It was found t h a t  performance of t a p e s  
w i t h  rough c o a t i n g s  cou ld  be improved by u s e  of  a f l e x i b l e  g r i d  of 
expanded s i l v e r  as the  c u r r e n t  c o l l e c t o r s .  With somewhat smoother 
c o a t i n g s ,  no n o t i c e a b l e  improvement was found w i t h  expanded s i l v e r .  
The area of t h e  ca thode  c o l l e c t o r  (and the  c o a t e d  t a p e  w i d t h )  was 
reduced  t o  0.765 i n . 2  (7/8 i n .  x 7/8 i n . )  t o  p rov ide  more r e l i a b l e  
o p e r a t i o n  w i t h  the "dual - tape"  system. T k  c o l l e c t o r  weighed approx- 
i m a t e l y  one ounce, and c o n t a c t  p r e s s u r e  was v a r i e d  by t h e  a d d i t i o n  of  
one-ounce we igh t s .  
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Figure  1. Labora tory  Tape Dynamic T e s t  Device 
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F i g u r e  2 .  Tape S e c t i o n  of  Dynamic T e s t  Dev ice  - 
Dual  Tape O p e r a t i o n  



A s  an  a l t e r n a t i v e  t o  t h e  f l a t ,  s l i d i r g  c o l l e c t o r  descr ibed  above, 
a r o l l e r  c o l l e c t o r  was b u i l t  and t e s t ed  b r i e f l y .  The purpose  of 
t h i s  was t o  reduce t h e  f o r c e  r e q u i r e d  t o  p u l l  the  t a p e .  The r o l l e r  

. c o l l e c t o r  c o n s i s t e d  of f o u r  1/8- in .  diameter g o l d - p l a t e d  r o l l e r s  
s e t  i n  a h o l d e r .  P r e l i m i n a r y  t e s t s  i n d i c a t e d  tha t  the h i g h e r  
c u r r e n t  d e n s i t i e s  encoun te red  a t  t h e  r o l l e r  c o n t a c t  areas were 
t o l e r a b l e .  

2 .  Anode C o l l e c t o r  

For t h i s  f e a s i b i l i t y  s t u d y ,  t h e  z i n c  anode material  was n o t  c o a t e d  
on the o p p o s i t e  face of  t h e  t a p e  b u t  ra ther  was p r e s e n t  as a b l o c k  
o v e r  which t h e  a c t i v a t e d  t a p e  was drawn. The z i n c  b l o c k  a l s o  
s e r v e d  as the  anode c o l l e c t o r .  The anode c o l l e c t o r  area was v a r i e d  
from 0.328 i n . 2  t o  0.985 i n . 2  by v a r y i n g  t h e  c o l l e c t o r  l e n g t h  from 
3/8 i n .  t o  1 1/8 i n .  w i t h  a f i x e d  wid th  of 7/8 i n .  Expanded z i n c  
screen was a l s o  t r i e d  as t h e  anode c o l l e c t o r .  The s c r e e n  was 
consumed i n  a r e l a t i v e l y  s h o r t  p e r i o d  of o p e r a t i o n  and no 
improvement i n  performance was no ted .  

3. Discharge C i r c u i t r y  

The e l e c t r i c a l  l o a d  c o n s i s t e d  of  a r e s i s t a n c e  box wi th  t e n  1-ohm 
(25 w )  r e s i s t o r s  connected i n  s e r i e s  and t apped  a t  1-ohm s t e p s .  
These r e s i s t o r s  and the c i r c u i t  r e s i s t a n c e  were measured w i t h  an 
E l e c t r o  S c i e n t i f i c  I n d u s t r i e s  U n i v e r s a l  Impedance Br idge .  The 1-ohm 
r e s i s t o r s  ( connec ted )  were found t o  be w i t h i n  2$ of  that v a l u e ,  and 
t h e  c i r c u i t  r e s i s t a n c e  was approx ima te ly  0.075 ohm (exc lud ing  
e l e c t r o d e s )  of which 0.05 ohm cou ld  be a k t r i b u t e d  t o  t h e  c u r r e n t  
s h u n t .  E l e c t r i c a l  o u t p u t  was measured w i t h  a Var ian  G-22 Dual 
Channel Recorder ,  which provided  a con t inuous  r e c o r d  of c u r r e n t  and 
v o l t a g e .  F u l l - s c a l e  v o l t a g e  was 2 v o l t s ,  and 1- and 2-amp 
( f u l l  s c a l e )  shun t s  were g e n e r a l l y  used .  
s c a l e  and b e t t e r .  
t o  g i v e  a convenientand  a c c u r a t e  comparison w i t h  t a p e  speed  
( u s u a l l y  1 i n  ./min ) . 

Accuracy was 2$ of f u l l  
A char t  speed of 2 in . /min was used  most o f t e n  

B. DESIGN AND CONSTRUCTION O F  BREADBOARD DEMONSTRATION DEVICE 

To demons t r a t e  the f e a s i b i l i t y  o f  t h e  d r y  t a p e  concept ,  bmadboard  
hardware was des igned  and c o n s t r u c t e d .  Because of t%ne l i m i t a t i o n s ,  
c e r t a i n  des ign  c o n s i d e r a t i o n s  were i n i t i a l l y  agreed  upon. These 
were : 
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a. 

b .  

C .  

d .  

e .  

f .  

g .  

A s  work 

The u n i t  was t o  be completely s e l f - c o n t a i n e d  ( d r i v e ,  tape, 
e l e c t r o l y t e ,  e t c .  ) .  

A spring-wound mechanism ( o f f - t h e - s h e l f )  was t o  be used 
f o r  tape t r a n s p a r t .  

A z i n c  b lock ,  over  which the  Ag202 t a p e  is  passed, was t o  
s e r v e  as the anode ra ther  than  u s i n g  a z i n c  c o a t i n g  on the  
t a p e .  

Commercially a v a i l a b l e  Ag202 was t o  be used  d i r e c t l y  as 
the cathode m a t e r i a l  r a t h e r  t h a n  use  of i n  s i t u  e l e c t r o -  
lyt ic  format i o n .  

The c o n f i g u r a t i o n  of t h e  components i n  the breadborad u n i t s  
was t o  occupy as small a volume and be as l i g h t  as p o s s i b l e  
c o n s i s t e n t  w i t h  u s i n g  " o f f - t h e - s h e l f "  parts wherever p o s s i b l e .  

The breadboard demonstpation dev ice  was t o  b e  capable  of 
cont inuous  o p e r a t i o n  f o r  a t  least  10 minutes ,  l i m i t e d  
on ly  by t h e  l e n g t h  of  tape, even though the mechanical  
system c a p a c i t y  would be much higher .  

Although the  u l t i m a t e  goa l  was t o  u s e  e l e c t r o l y t e  encap- 
s u l a t i o n ,  f o r  demonst ra t ion  purposes  t h i s  was not  'to be done. 

p rog res sed ,  a f u r t h e r  c o n s t r a i n t  was put  on t h e  demonst ra t ion  
dev ice .  It was f e l t  that  for t h e  s h o r t p e r i o d s  of o p e r a t i o n  
r e q u i r e d  f o r  demonst ra t ion ,  a weight and time sav ing  and more re l iab le  
o p e r a t i o n  could  be ob ta ined  by us ing  a dua l - t ape  system i n  which 
the  e l e c t r o l y t e  would be f e d  on a second tape Qatirrated w i t h  
aqueous KOH. T h i s  g r e a t l y  s i m p l i f i e d  t h e  supp ly ing  of e l e c t r o l y t e .  

1. Component Design and T e s t i n g  

To check o u t  p o s s i b l e  mechanical des igns  f o r  t h e  breadboard 
demonst ra t ion  d e v i c e s ,  i t  was necessary  t o  c o n s t r u c t  a t e s t  s t a n d  
i n  which the  mechanical  f e a t u r e s  of a l l  proposed components could be 
determined i n d i v i d u a l l y  and i n  con junc t ion  w i t h  one a n o t h e r .  T h i s  
t es t  s t a n d  i s  shown i n  F i g u r e  3 .  Based on t h e i r  performance i n  
t h i s  t e s t  s t a n d ,  the  des ign  of the v a r i o u s  components was f r o z e n  f o r  
imcorpora t ion  i n t o  t h e  f i n a l  devices. 
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Figure  4 .  Prototype Demonstration Model of Dry Tape 
Battery 
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It i s  i n t e r e s t i n g  t o  n o t e  t ha t  t he  e l e c t r i c a l  o u t p u t  of  a tape 
tes ted i n  t h i s  r i g  was i d e n t i c a l  w i t h  t h a t  o b t a i n e d  i n  t h e  tape 
e v a l u a t i o n  dev ice .  

2 .  Breadboard Demonstrat ion Device : Design and F a b r i c a t i o n  

a. General D e s c r i p t i o n  of t h e  P r o t o t y p e  Model 

B a s i c a l l y ,  the  breadboard  u n i t s  t h a t  were d e l i v e r e d  c o n s i s t e d  of 
two major  s e c t i o n s .  The f i r s t  c o n t a i n e d  a spring-wound d r i v e  
permanent ly  mounted i n  a c a r r y i n g  c a s e .  Also mounted i n  t h i s  
c a s e  was a variable l o a d  r e s i s t o r ,  a v o l t m e t e r  and an  ammeter 
f o r  demonst ra t ion  purposes .  

The second s e c t i o n ,  which i s  c a l l e d  the  "tape deck",  i s  a s e l f -  
c o n t a i n e d  u n i t  compr is ing  the  Ag202 tape s p o o l ,  e l e c t r o l y t e  
s a t u r a t e d  t a p e  s p o o l ,  t a p e  s p r o c k e t  a r i v e  wheel, and c u r r e n t  
c o l l e c t o r s .  Tape decks were b u i l t  w i t h  s u f f i c i e n t  tape f o r  
approximate ly  25 minu tes  of con t inuous  o p e r a t i o n  and can  be 
"plugged i n t o "  any d r i v e  u n i t .  

A p i c t o r d a l  view of the  breadboard  u n i t  i s  sh-own i n  F i g u r e  4 .  
F i g u r e  5 i s  a p l a n  view &the  tape deck i n  which t h e  v a r i o u s  
components a r e  mounted. 

The tape s p o o l s  were p re loaded  w i t h  Ag202 and e l e c t r o l y t e - s a t u r a t e d  
t a p e .  Non-permeable leaders made of p o l y v i n y l c h l o r i d e  were 
at tached t o  t h e  tapes and threaded th rough  the  o p e r a t i n g  pa th .  
T h i s  p re load ing  was done d u r i n g  t h e  a c t u a l  f a b r i c a t i o n  of the tape 
deck, n o t  j u s t  p r i o r  t o  the-  u s e  of i t .  To s ta r t  the  u n i t ,  a tape  
deck was plugged i n t o  t h e  c a r r y i n g  case,  ove r  t h e  spring-wound 
motor  s e c t i o n .  The p r o c e s s  of  ' 'plugging i n "  a u t o m a t i c a l l y  e n -  
gage the  tape d r i v e  s p r o c k e t  wheel and take-up  s p o o l  sha f t s  t o  t he  
s p r i n g  motor shaf t  th rough  s e l f - s l i g n i n g  c o u p l i n g s .  

I 
8 
I 
I 

Before  a c t u a l l y  s t a r t i n g  t h e  u n i t ,  the  seal  from the  e l e c t r o l y $ e  
tape c o n t a i n e r  had t o  be removed and t h e  tape advanced manual ly  u n t i l  
t h e  a c t i v e  coa ted  tape was w i t h i n  t h e  c u r r e n t  c o l l e c t o r s .  Turning 
t h e  s t a r t i n g  knob connec ted  t o  t h e  s p r i n g  wound motor  t h e r e  p u t  
t h e  u n i t  i n t o  o p e r a t i o n .  

D e k a i l s  of  the i n d i v i d u a l  components of  b o t h  t h e  d r i v e  u n i t  and 
t h e  tape  deck are d i s c u s s e d  i n  the f o l l o w i n g  s e c t i o n .  

b .  Detai led Component D e s c r i p t i o n  

(1) Spring-Wound Motor 
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It was decided a t  the s t a r t  of t h i s  p r o j e c t ,  t h a t  f o r  the sake of I 

1 

s i m p l i c i t y ,  a spring-wound motor  would be used  t o  d r i v e  the tape 
system. Previ6us  expe r imen t s  had shown tha t  t h e  d r i v e  s h o u l d  be 
a H e  t o  provide  a shaf t  o u t p u t  of 10-12 i n . - o z  of t o r q u e  a t  0.568 
rpm. A fu r the r  r equ i r emen t  was t h a t  the spring-wound motor  
shou ld  run  a t  l eas t  20 minu tes  a t  c o n s t a n t  speed  a f t e r  a complete  
winding.  

Because o f  the t i g h t  s chedu le  f o r  t h i s  work, it was n e c e s s a r y  where- 
e v e r  p o s s i b l e  t o  s e l e c t  o f f - t h e - s h e l f  components ra ther  t h a n  t o  
d e s i g n  them i n d i v i d u a l l y .  For  t h i s  r e a s o n ,  i t  was n e c e s s a r y  t o  take 
a weight  p e n a l t y  i n  o b t a i n i n g  a commercial ly  a v a i l a b l e  spring-wound 
motor  t h a t  would do t h e  j o b ,  It was found t h a t  t h e  d r i v e  mechanism 
o f  a 16 mm Keystone movie camera (No. A-7-3) w i t h  t he  f o l l o w i n g  
s p e c i f i c a t i o n s  would be s a t i s f a c t o r y  w i t h  m o d i f i c a t i o n :  

I 

Output shaf t  speed: 60 rpm minimum 
Output shaf t  t o r q u e  : 20 i n . - l b  when f u l l y  wound 
Max. running  t i m e :  65 sec 
Take-up s p o o l  shaf t  speed:  60 rpm minimum 
Take-up s p o o l  shaf t  t o r q u e :  approx.  0 .5  i n . - l b  
Weight: 2.3 l b  

I The o r i g i n a l  speed  c o n t r o l  of t h e  camera d r i v e  was i n s u f f i c i e n t  t o  
r educe  the output  shaf t  speed t o  0.568 rpm. For  t h i s  r e a s o n  an 
escapement mechanism from a char t  d r i v e  c l o c k  was connected  t o  the 
camera d r i v e  i n  place of  c e n t r i f u g a l  r e g u l a t o r  o r i g i n a l l y  s u p p l i e d .  
The g e n e r a l  l a y o u t  of t h i s  mod i f i ed  spring-wound d r i v e  i s  shown 
i n  F i g u r e  6 .  The t r a n s p l a h t e d  escapement mechanism i n c o r p o r a t e d  
i n t o  t he  o r i g i n a l  Keystone d r i v e  u n i t  i s  i n  t he  l e f t - h a n d  p o r t i o n  
o f  F i g u r e  6 .  

1 
To r o t a t e  t h e  tape deck shafts,  a f l e x i b l e  coup l ing  arm was mounted 
on t h e  take-up s p o o l  and tape d r i v e  s h a f t s .  When the  t a p  deck was 

plugged i n " ,  t hese  f l e x i b l e  coup l ing  arms engaged jawed c o u p l i n g s  
on the  tape deck shaf ts ,  p r o v i d i n g  a ve ry  s a t i s f a c t o r y  f l e x i b l e  
shaf t  connec t ion .  

11  

( 2 )  Tape T r a n s f e r  Drive 

The threaded t a p e  w i t h i n  the tape deck was p u l l e d  a long  i t s  o p e r a t i n g  I 
p a t h  between the  c u r r e n t  c o l l e c t o r s  by a d r i v e  wheel tha t  has two 
sets of sharp s p r o c k e t  t e e t h  as shown i n  F i g u r e  7 and 8. Thus, the  
tape was t ransfered  by the p r o g r e s s i v e  motion of  t h e  p e n e t r a t i n g  
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Figure  7. Tape T r a n s f e r  Drive 
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s p r o c k e t  t ee th .  The optimum shape  and d imens ions  o f  s p r o c k e t  t e e t h  
tha t  would o p e r a t e  e q u a l l y  well on a l l  combina t ions  and thicknesses  
of t a p e s  and s e p a r a t o r s  was n o t  developed,  b u t  good t r a c t i o n  
c h a r a c t e r i s t i c s  were o b t a i n e d  wi th  t r i a n g u l a r - s h a p e d  5 - m i l  t h i c k  
s t a i n l e s s  s t e e l  t e e t h .  

Mounted on t h e  d r i v e n  end of t he  t a p e  d r i v e  s p r o c k e t  wheel sha f t ,  
as shown i n  F i g u r e s  7 and 8, was a jawed c o u p l i n g .  When t h e  t a p e  
deck was plugged i n ,  t he  f l e x i b l e  arms on t h e  s p r i n g  motor  d r i v e  
shaf t s  engaged the  jawed c o u p l i n g s  on the d r i v e  shafts.  A t  a sha f t  
speed of  0.568 rpm, the t a p e  was d r i v e n  a t  a l i nea r  ra te  of  abou t  
1 i n c h  p e r  minute .  

( 3 )  Take-up Spool  Dr ive  

A s  shown i n  F igu re  8, the  take-up  s p o o l  shaf t  was d r i v e n  i n  the same 
manner as t h e  tape d r i v e  s p r o c k e t  s h a f t .  The ma jo r  d i f f e r e n c e  was 
t h a t  o n l y  s u f f i c i e n t  t o r q u e  was p rov ided  t h e  take-up  s p o o l  shaf t  t o  
overcome f r i c t i o n  and w i n d  t he  tape on the  s p o o l .  S ince  t h e  ra te  of 
r o t a t i o n  of the  take-up  s p o o l  d e c r e a s e s  as s p e n t  tape i s  wound on t h e  
s p o o l ,  a s l i p  c l u t c h  was used  i n  t h e  s p r i n g . m o t o r  between t h e  t a p  
d r i v e  s p r o c k e t  s h a f t  and t h e  tape-up  s p o o l  sha f t .  The s l i p  c l u t c h  
was a s p r i n g  d r i v e  c a b l e  as shown i n  F i g u r e  6, which mere ly  s l i p p e d  
on t h e  p u l l e y s  because  of  t h e  speed  d l ' f f e r e n t i a l .  

( 4 )  Curren t  C o l l e c t o r s  

The c u r r e n t  c o l l e c t o r s ,  shown i n  F i g u r e  9,  were des igned  t o  f u l f i l l  
t h e  f o l l o w i n g  r equ i r emen t s  : 

Even c o n t a c t  p r e s s u r e  o v e r  t h e  moving tape and t h e  
s t a t i o n a r y  anode. 

Knee-act ion t o  fo l low small  unevennesses  of  t h e  tape.  

(1) 

( 2 )  

(3)  Simple assembly and disassembly.  

One of t he  two c u r r e n t  c o l l e c t o r s  was made of f i n e  s i l v e r  and s e r v e d  
as t h e  ca thode  c o l l e c t o r .  The o t h e r  c o n s i s t e d  of a z i n c  b l o c k  and 
s e r v e d  as b o t h  c u r r e n t  c o l l e c t o r  and anode. Each of  t he  elements was 
of sandw'ich s t r u c t u r e  and c o n s i s t e d  of t h e  c u r r e n t  c o l l e c t o r  metal  
bonded t o  1 4-in.  t h i c k  u r e t h a n e  sponge, which i n  t u r n  was bonded t o  a 

c a s i n g  was s e l e c t e d  t o  g i v e  approx ima te ly  6 oz / in .2  of p r e s s u r e  between 
t h e  c u r r e n t  c o l l e c t o r s .  

P l e x i g l a s s  kl backing p l a t e .  The t o t a l  w id th  of  the e l e c t r o d e  
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( 5 )  E l e c t r o l y t e  Tape C o n t a i n e r  

S ince  i n  t h e  d u a l  tape sys tem an e l e c t r o l y t e - s a t u r a t e d  tape i s  
s t o r e d  on a separate s p o o l ,  i t  was n e c e s s a r y  t o  seal  t h i s  c o n t a i n e r  i n  
some manner t o  p r e v e n t  l o s s  of e l e c t r o l y t e  th rough  e v a p o r a t i o n .  The 
sea l  was made as  shown i n  F i g u r e  10. A s o f t  neoprene r u b b e r  c y l i n d e r  
of 12  durometer hardness was compressed i n t o  the  l i p  opening of t h e  
c o n t a i n e r  aga ins t  t he  nonpermeable s e c t i o n  of t he  tape leader. 
The seal  was removed manual ly  j u s t  p r i o r  t o  u s e  of t he  tape deck. 

To de te rmine  the e f f e c t i v e n e s s  of t h i s  seal ,  one c o n t a i n e r  was 
sealed w i t h  3096 K O H - w e t t e d  tape on 19 November 1963. On 2 December 
1963 t h i s  c o n t a i n e r  was opened b r i e f l y  and the tape was found t o  be 
s t i l l  wet. T h i s  c o n t a i n e r  was resealed and p u t  i n  s t o r a g e .  On 
2 January  1964 the  c o n t a i n e r  was checked a g a i n  (wi thou t  open ing)  
and s t i l l  appeared s a t i s f a c t o r y ;  a t  no t i m e  was any " f r o s t i n g "  
no ted  on the  seal o r  c o n t a i n e r .  
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I V .  PHASE IB, CHEMICAL ASPECTS 

A.  EI;ECTROCHEMICAL SYSTEM 

The Ag202-Zn system was used  i n  t h i s  work t o  a l low comparison 
w i t h  a known b a t t e r y  system capab le  of h i g h  d i s c h a r g e  rates.  The 
e l e c t r o c h e m i c a l  e q u i v a l e n t s  f o r  t h i s  sys tem are l i s t e d  below. The 
q u a n t i t y  of e l e c t r o l y t e  r e q u i r e d  depends upon which r e a c t i o n  
predominates :  la ,  l b ,  o r  IC. $ 

T h e o r e t i c a l  Energy 
Dens i ty  

Watt-hr  p e r  l b  r e a c t a n t s  

A s  W r i t t e n  Using 3@ KOH 

Ag202 + 2Zn + 2H20 = 2Zn(OH)2 + 2Ag 17 6 169 
Ag202 + 2Zn + 2KOH = 2KHZn02 + 2Ag 149 97 
Ag202 + 2Zn + 4KOH = 2K2Zn02 + 2H20 + 2Ag 65 1 2 1  

The t h e o r e t i c a l  energy  d e n s i t y  l i s t e d  w i t h  each  r e a c t i o n  assumes com- 
p l e t e  d i s c h a r g e  a t  1 . 5  v o l t s  and was c a l c u l a t e d  u s i n g  the  f o l l o w i n g  
e l ec t rochemica l  e q u i v a l e n t s :  

g/ amp - h r 

Ag.202 
Zn 

Reac t ion  ( l a )  H 2 0  
Reac t ion  ( l b  
Reac t ion  (IC 

2.305 
1 . 2 2 0  
0.335 
1.045 
2.090 

ann 
t h e  

For<a number of r e a s o n s ,  t.,e t h e o r e t i c a l  ene rgy  d - n s i t y  
r e a l i z e d .  Some z i n c  (5  t o  1@.) chemica l ly  d i s s o l v e s  i n  

t be 
e l e c t r o l y t e  

and t h e r e f o r e  i s  n o t  used  e l e c t r o c h e m i c a l l y .  I n t e r n a l  r e s i s t a n c e  
of the  c e l l  and t k n e e d  for some e x c e s s  e l e c t r o l y t e  are among o t h e r  
f a c t o r s  lower ing  t h e  ene rgy  d e n s i t y  o b t a i n e d .  

B.  TAPE FABRICATION 

Produc t ion  o f  a s u i t a b l e  c o a t e d  t a p e  invo lved  s e l e c t i o n  of a base 
mater ia l ,  b i n d e r ,  and c o a t i n g  method for app ly ing  a c t i v e  d i v a l e n t  
s i l v e r  ox ide  ca thode  mater ia l  t o  the b a s e  i n  a form s u i t a b l e  for- 
d i s c h a r g e .  
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1. Anode 

A s  ment ioned p r e v i o u s l y ,  the anode c o n s i s t e d  of a z i n c  b lock  o v e r  
which t h e  a c t i v a t e d  t a p e  was drawn. A z inc-coa ted  t a p e  anode was 
a l s o  made by d i s p e r s i n g  z i n c  powder i n  a p o l y v i n y l  a lcohol -water  
s o l u t i o n  and  drawing the r e s u l t i n g  s l u r r y  ove r  a s b r i p  of Gelman 
PVA s e p a r a t o r  with a Gardner k n i f e .  The c o a t i n g  was phys ica l3y  
s a t i s f a c t o r y ,  showing<good f l e x i b i l i t y ,  un i fo rmi ty ,  and rub-  
r e s i s t a n c e .  T h i s  t a p e  was no t  c h a r a c t e r i z e d  e l e c t r o c h e m i c a l l y ,  
however. 

2. Tape Base Materials 

It was n o t  i n t ended  t o  make a n  exhaus t ive  s t u d y  t o  s e l e c t  the 
best b a s m a t e r i a l ,  b u t  ra ther  t o  f i n d ,  as q u i c k l y  as p o s s i b l e ,  a 
s a t i s f a c t o r y  tape f o r  u se  i n  t he  demonst ra t ion  dev ices .  T h i s  was 
n e c e s s a r y  t o  f a c i l i t a t e  des ign  of the tape  d r i v e  and a s s o c i a t e d  
hardware, 

Nonwoven fabr ics  of Nylon @, Dyne1 @, polypropylene ,  Dacron @, 
and a c e l l u l o s i c  material i n  t h i c k n e s s  from 0.8 t o  12 mils were 
e v a l u a t e d  f o r  u s e  as a tape base .  The p h y s i c a l  c h a r a c t e r i s t i c s  of 
these nonwoven materials and o t h e r  materials used  are l i s t e d  i n  
Table  1. The i n i t i a l  s e l e c t i o n  o f  tape base materials was based on 
t h i c k n e s s ,  smoothness, f l e x i b i l i t y ,  e l e c t r o l y t e  wet-out and r e t e n t i o n  
c h a r a c t e r i s t i c s ,  and wet s t r e n g t h .  I n e r t n e s s  t o  the o x i d i z i n g  
c h a r a c t e r i s t i c s  of the d i v a l e n t  s i lver roxide  was a l s o  necessa ry .  I n  
a d d i t i o n  t o  these requ i r emen t s ,  the  t a p e  base p o r o s i t y  had t o  be 
such  as t o  l i m i t  p e n e t r a t i o n  of Ag202 dur ing  c o a t i n g  b u t  a l low 
e l e c t r o l y t e  c o n d u c t i v i t y  du r ing  d i s c h a r g e .  

3. Cathode Act ive  Material 

The ca thode  a c t i v e  mater ia l ,  d i v a l e n t  s i l v e r  ox ide  ( < 325 mesh) 
ana lyzed  96 w t - $  d i v a l e n t  ox ide  as purchased from t h e  Ames Chemical 
Works and was used wi thou t  f u r t h e r  t r e a t m e n t .  

S ince  p e n e t r a t i o n  of Ag202 through t h e  base t a p e  was u n d e s i r a b l e ,  the  
p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  Ag202 was impor t an t .  T h i s  was 
determined by e l e c t r o n  microscopy at OUT Dayton Labora tory .  
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The Ag202 powder was d i s t r i b u t e d  i n  d i s t i l l e d  water by u l t r a s o n i c  
a g i t a t i o n  and a drop of t h e  mixture  was p laced  on a p l a s t i c - c o v e r e d  
screen g r i d  and al lowed t o  d r y .  
micrographs  were taken of t h e  p a r t i c l e s .  Each f i e l d  was taken a t  
random u s i n g  three p l a s t i c - c o v e r e d  s c r e e n  g r i d s  and m a g n i f i c a t i o n s  
from 1 5 0 0 X  t o  6000x. 

A series of 50 e l e c t r o n  photo- 

The pa r t i c l e s  had three shapes :  s p h e r i c a l ,  angu la r ,  and diamond. 
The p a r t i c l e  s i z e  d i s t r i b u t i o n  was t aken  from 666 p a r t i c l e s  counted 
and measured. The l o n g e s t  dimension of tk p a r t i c l e  was used .  The 
s i z e s  r anges  from 0.3 micron t o  4 .0  microns.  
d i s t r i b u t i o n  i n  0.5-micron increments  i s  g iven  i n  Table 2. 

The p a r t i c l e  s i z e  

Table 2 

PARTICLF, SIZE RANGE OF DIVALENT SILVER OXIDE 

Range , microns 

3.0 
2.5-3.0 
2.0-2.5 
1.5-2.0 
1.0-1.5 
0.5-1. o 

0.5 

P e r  Cent  No. of P a r t i c l e s  Counted 

2.5 
4 . 2  
10.7 
17 .4  
36.2 
27.0 

2 . 0  

17 
28 
71 
116 
241 
180 
13 

Thus, o v e r  6@ of the p a r t i c l e s  were i n  t h e  O . 5 -  t o  1.5-micron 
s i z e  range ,  c o n s i d e r a b l y  sma l l e r  t h a n  m i g h t  be expec ted  from 
s c r e e n i n g  through 325 mesh s i z e  (44 m i c r o n s ) .  

T h i s  r ange  of p a r t i c l e  s i z e  e x p l a i n s  the p e n e t r a t i o n  of Ag202 found 
i n  c o a t i n g s  on c e r t a i n  nonwoven f a b r i c s  and the r e d u c t i o n  i n  pene- 
t r a t i o n  o b t a i n e d  by p rewe t t ing  the f a b r i c  p r i o r  t o  c o a t i n g  as 
d i s c u s s e d  i n  the fo l lowing  s e c t i o n .  

4 .  Cathode Tape 

S e v e r a l  methods of app ly ing  Ag202 t o  t h e  bape base material  were 
exp lo red .  Impregnat ion,  p re s s ing ,  and c o a t i n g  appeared t o  be 
feasible .  P r e s s i n g  of' the  Ag202 powder on to  the base tape produced 
a t a p e  wi th  good d i s c h a r g e  c h a r a c t e r i s t i c s  b u t  hand l ing  and s t o r a g e  
s t a b i l i t y  were l a c k i n g .  Also, product  ion of large q u a n t i t i e s  of 
cont inuous  s t r i p s  of tape would be inconvenient  by t h i s  method. 
Impregnat ion of t h e  base t a p e  with an aqueous d i s p e r s i o n  of  Ag202 
w i t h  b i n d e r  was u n s a t i s f a c t o r y  f o r  s e v e r a l  r easons .  The roughness  
and q u a n t i t y  of A g 2 D 2  i n  the  r e s u l t i n g  cathode tape depended on the 
base mater ia l  used .  Some base materials, s u c h  as porous po lye thy lene ,  
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c o u l d  n o t  be impregnated a t  a l l .  Also, impregnat ion  would recpire 
the u s e  o f  an  a d d i t i o n a l  s e p a r a t o r  t ape .  D i s p e r s i n g  Ag202 i n  a 
s o l u t i o n  wi th  a b i n d e r  and c o a t i n g  wi th  the r e s u l t i n g  s l u r r y  
appeared t o  o f f e r  t h e  most f l e x i b i l i t y  i n  a p p l y i n g  Ag202 t o  a wide 
v a r i e t y  o f  base  materials i n  va ry ing  c o n t r o l l e d  t h i c k n e s s e s .  

I n i t i a l  a t tempts  t o  c o a t  a d r y  f a b r i c  were s a t i s f a c t o r y  w i t h  small 
s t r ips ,  b u t  p rewe t t ing  of  the f a b r i c  was found t o  be n e c e s s a r y  i n  
c o a t i n g  larger  p i e c e s  of  material .  The f a b r i c  (5  x 30 i n . )  t o  be 
c o a t e d  was saturated w i t h  d i s t i l l e d  water on a glass p l a t e .  Excess  
water was t h e n  drawn o f f  w i th  a Gardner k n i f e  ard t h e  f a b r i c  was 
clamped l eng thwise  i n  s l i g h t  t e n s i o n .  Using t h d s  t e c h n i q u e  the 
f a b r i c  remained d imens iona l ly  s tab le  d u r i n g  c o a t i n g  and the  tendency  
f o r  Ag2Dz t o  p e n e t r a t e  the  f a b r i c  was reduced .  The Ag202 s l u r r y  
was t h e n  drawn ove r  t h e  f a b r i c  wi th  the Gardner k n i f e  t o  produce 
the  desired c o a t i n g  t h i c k n e s s .  The c o a t i n g  was a i r -dr ied  i n  the 
dark  a t  room tempera tu re .  

A t y p i c a l  c o a t i n g  s o l u t i o n  had the  f o l l o w i n g  composition,:  

Parts by Weight 

Ag202* 30.9 

Ge lva to l  20-30 (poly-  5.6 
v i n y l a l  coho1 

Water ( d i s t i l l e d )  63.7 

*Ag20?, as used,  ana lyzed  96% d i v a l e n t  s i l v e r  ox ide ,  which g i v e s  a 
c o a t i n g  composi t ion of 85 w t - $  Ag202 on a d r y  basis.  

The c o a t i n g  s o l u t i o n  was made by d i s p e r s i n g  the  Ag202 u l t r a s o n i c a l l y  
i n  water and adding t h e  aqueous s o l u t i o n  of b i n d e r  w i th  s t i r r i n g .  
S a t i s f a c t o r y  c o a t i n  s were o b t a i n e d  wi th  Ag202 c o n t e n t  of 85 w t - $  t o  
as h igh  as 92 w t - $  7 d r y  basis) ,  depending on t h e r a t u r e  o f  t he  s u r f a c e  
b e i n g  coa ted  and t h e  c o a t i n g  t h i c k n e s s  des i r ed .  

P o l y v i n y l  a l c o h o l  was s e l e c t e d  as t h e  b i n d e r  (see Table 1) because  
i t  gave s a t i s f a c t o r y  o p e r a t i o n  and a l lowed f i x i n g  t h e  d e s i g n  of the 
breadboard  models a t  an e a r l y  da te .  Other b i n d e r s  were t r i e d  w i t h  
less s a t i s f a c t o r y  r e s u l t s .  
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5. Cathode Coat ing Ana lys i s  and Tape S t a b i l i t y  

The p h y s i c a l  cha rac t e r i s t i c s  of the  c o a t e d  ca thode  t a p e s a r e  g i v e n  i n  
Table  3 .  The makeup c o a t i n g  composi t ion  i s  g iven  on a d r y  basis  
f o r  comparison wi th  t h e  va lue  o b t a i n e d  by a n a l y s i s  of  t h e  f i n i s h e d  
t a p e .  

A c o n s i d e r a b l e  drop  i n  Ag202 i s  a p p a r e n t  i n  many cases. This l o s s  
o f  Ag202 was reduced t o  a f e w . p e r c e n t  i n  t he  l a t e r  t a p e s  by the u s e  
of f o r c e d  a i r  dry ing  and p r o t e c t i o n  of the c o a t e d  t a p e s  from l i g h t .  
All e f f i c i e n c y  c a l c u l a t i o n s  were based on the as made up v a l u e  rather 
t h a n  the measured pe rcen tage ,  making r e s u l t s  c o n s e r v a t i v e ,  rather 
t h a n  o p t i m i s t i c .  

The range  of c o a t i n g  t h i c k n e s s e s  w i t h  s a t i s f a c t o r y  p h y s i c a l  and 
discharge c h a r a c t e r i s t i c s  i s  shown i n  F i g u r e  11 f o r  Dyne1 and poly-  
propylene  base materials.  The t h i c k e s t  s a t i s f a c t o r y  c o a t i n g s  
posses sed  an  energy d e n s i t y  of approximate ly  0.Q8 w a t t - h r / i n .  
(260 wat t -hr / lb  c o a t i n g ) .  It i s  p o s s i b l e  t ha t  a s i g n l f i c a n t  improvement 
cou ld  be made here  s i n c e  the appa ren t  c o a t i n g  d e n s i t y  was o n l y  i n  the 
o r d e r  of 1 . 5  g/cm3 ( d e n s i t y  o f  Ag-902 = 7 g/cm3). 
would p rov ide  h igher  c a p a c i t y  w i t h o u t  an  knc rease  i n  c o a t i n g  t h i c k n e s s .  

A more dense  c o a t i n g  

Coated t a p e s  were t e s t e d  f o r  s t o r a g e  s t a b i l i t y  under  ambient c o n d i t i o n s  
and a t  8 5 " ~  and 88% r e l a t i v e  humidi ty .  
c o n d i t i o n s  w i t h  exposure  t o  l i g h t  of po lypropglene  base tapes w i t h  
p o l y v i n y l  a l c o h o l  showed loss of Ag202 amounting t o  approx ima te ly  
1 t o  '2$ p e r  month. 
humidi ty  and t empera tu re  gave l o s s e s  o f  3 @  i n  Ag202 i n  one month. 
The same c o a t i n g  on nylon-base t a p e  showed a v e r y  large d rop  (un- 
a n a l y z a b l e )  i n  Ag202 c o n t e n t  and complete  da rken ing  of the  u n d e r s i d e  
of  the  tape i n  two weeks s t o r a g e  a t  the  h i g h  temperature and humidi ty .  
Nylon i s  known t o  be less o x i  a t i o n  r e s i s t a n t  t h e n  po lypropy lene .  

c o n d i t i o n s  and showed on ly  s l i g h t  darkening  on the  u n d e r s i d e  of t he  
tape .  Thus, il; a p p e a r s  t h a t  s t o r a g e  s t a b i l i t y  of  t he  po lypropy lene  
base t a p e s  should  be s a t i s f a c t o r y  and perhaps  the  best s t o r a g e  
s t a b i l i t y  would r e s u l t  from the  u s e  of  Methocel b i n d e r .  

S t o r a g e  unde r  ambient  

S t o r a g e  Bf the  same t y p e  o f  t a p e  a t  the  high 

A similar tape with Methocel b b i n d e r  was more s table  u n d e r  t h e  same 
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C .  METHOD OF ACTIVATION 

To a c t i v a t e  t he  d ry  tape,  the aqueous e l e c t r o l y t e  must be i n t r o d u c e d  
j u s t  b e f o r e  the t a p e  e n t e r s  t h e  c u r r e n t  c o l l e c t o r s .  
e n c a p s u l a t i o n  o f f e r s  an a t t r a c t i v e  s o l u t i o n  t o  t h i s  problem b u t  was 
n o t  used i n  t he  f e a s i b i l i t y  demons t r a t ion  owing t o  t i m e  l i m i t a t i o n s .  

I n s t e a d ,  an uncoated tape prewet with e l e c t r o l y t e  was used  i n  a d d i t i o n  
t o  t he  c o a t e d  t a p e .  The prewet tape  was s t o r e d  i n  a c o n t a i n e r  w i t h  
a "pop-out" seal .  
tapes t o g e t h e r  j u s t  ahead of t h e  c u r r e n t  c o l l e c t o r s .  
the  dynamic t a p e  t e s t  equipment i n d i c a t e s  t ha t  t he  tapes u s i n g  
p o l y v i n y l  a l c o h o l  a s  a b i n d e r  can be a c t i v a t e d  as c l o s e  t o  the 
c u r r e n t  c o l l e c t o r s  as des i r ed .  

Other methods of a c t i v a t i o n  were a l s o  c o n s i d e r e d .  A s i n g l e  d r y  tape 
was a c t i v a t e d  by drawing i t  ove r  a wicking  pad s u p p l i e d  w i t h  e l e c t r o -  
l y t e  by a meter ing  pump. I n c o r p o r a t i o n  of dry powdered KOH i n t o  t he  
c o a t e d  tape was a l s o  t r i e d ;  water was s u p p l i e d  t o  a c t i v a t e  t h e  tape .  
Cons iderably  longe r  a c t i v a t i o n  times were n e c e s s a r y  t o  a l low 
d i s s o l u t i o n  of KOH and d i f f u s i o n  t o  form e l e c t r o l y t e .  It was hoped 
t h a t  t h i s  could be done a t  t he  c u r r e n t  c o l l e c t o r s  t o  take advantage  
of  the heat e f f e c t  t o  improve o u t p u t ,  b u t  the  i n c r e a s e d  a c t i v a t i o n  
t i m e  seemed t o  o b v i a t e  t h i s  p o s s i b i l i t y .  

Micro- 

A c t i v a t i o n  i s  accomplished by b r i n g i n g  t h e  two 
Opera t ion  i n  

D. TAPE TEST PROCEDURE AND RESULTS 

The main v a r i a b l e s  measured i n  the dynamic t e s t  dev ice  are summarized 
below: 

Variable  Range of Typ ica l  Values  

Cur ren t  Dens i ty  ( d i s c h a r g e  r a t e )  
E l e c t r o l y t e  Feed Ra te  0.15-2 cc/min 
Tape Speed 0.2-10 in. /min 
Tape P u l l i n g  Force 0.5-2 pounds 
E l e c t r o d e  Contact  P r e s s u r e  

0.15-1.7 amp/in.2 (1- t o  10-ohm l o a d )  

1-9 ounces (0.08-0.75 l b / i n . 2 )  

The t e s t  equipment has been d e s c r i b e d  i n  S e c t i o n  I I I A .  
of tape base m a t e r i a l s  and c o a t i n g  b i n d e r s  were s u b j e c t e d  t o  p re -  
l i n i n a r y  s c r e e n i n g  u s i n g  a s i m p l e  s t a t i c  tes t  r e q u i r i n g  only  a squa re  
i n c h  o f  t ape .  
i n  dynamic o p e r a t i o n .  
p r e l i m i n a r y  dynamic t e s t  r e s u l t s  are g iven  i n  Appendix I .  

A number 

The more promising combina t ions  were tes ted  f u r t h e r  
The r e s u l t s  are g iven  i n  Table 4 .  The 
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The tests were c a r r i e d  o u t  prdmar i ly  t o  de te rmine  the g e n e r a l  
c h a r a c t e r i s t i c s  of a t a p e  system and t o  o b t a i n  an ope rab le  t a p e  f o r  
use  i n  the f e a s i b i l i t y  demonstrat ion.  S ince  r e c u r r e n t  m o d i f i c a t i o n s  
on t h e  test equipment and c o a t i n g  methods were made, d i r e c t  comparison 
of  a l l  test r e s u l t s  i s  n o t  p o s s i b l e .  For example, the  c 'urrent  
c o l l e c t o r s  were decreased i n  w i d t h  t o  7 / 8  i n .  and r edes igned  t o  reduce 
a l ignment  problems i n  the  "dual- tape" system. 

The test procedure  c o n s i s t e d  of i n i t i a l  d e t e r m i n a t i o n  of the  open 
c i r c u i t  v o l t a g e  fo l lowed by d i scha rge  a t  i n c r e a s i n g  rates t o  de te rmine  
t h e  maximum d i s c h a r g e  rate o b t a i n a b l e  a t  a f i x e d  t a p e  speed.  A t a p e  
speed of 1 i n c h  p e r  minute  was the  maximum used i n  m a  t of the tests. 
If a s t e a d y  d i s c h a r g e  was m a i n t a i n e d  f o r  the t i m e  r e q u i r e d  t o  p a s s  
tw ice  t h e  c o l l e c t o r  l e n g t h ,  t h e  d i scha rge  r a t e  was i n c r e a s e d  f u r t h e r  
( u s u a l l y  doubled)  by d e c r e a s i n g  t h e  l o a d  r e s i s t a n c e .  
d i s c h a r g e  time probably  d i d  no t  b r ing  the t a p e  t o  s t e a d y - s t a t e  c o n d i t i o n s ,  
it d i d  p rov ide  f o r  a complete change of d e p o l a r i z e r  a t  t h e  c o l l e c t o r s .  

While t h i s  

Later tests were run  on f u l l  l e n g t h s  (approximate ly  25 i n . )  of t a p e  
a t  a f i x e d  d i s c h a r g e  ra te  and w i t h  i n t e r m i t t e n t  o p e r a t i o n .  

While complete detai led experiments  have no t  been conducted t o  
p rov ide  mathematical r e l a t i o n s  f o r  t he  v a r i a b l e s  involved ,  a number 
of g e n e r a l  c o r r e l a t i o n s  and obse rva t ions  have been  made. Assuming 
a f i x e d  t a p e  speed wi th  excess  e l e c t r o l y t e  s u p p l i e d ,  t h e  maximum 
d i s c h a r g e  rate m a i n t a i n a b l e  depends p r i m a r i l y  on t h e  pe rcen tage  of 
Ag202 i n  the  c o a t i n g  and t h e  type  of material used  f o r  the s e p a r a t o r  
and c o a t i n g  cuppor t .  Loss of ou tput  v o l t a g e  was most o f t e n  due t o  
p e n e t r a t i o n  and d e p o s i t i o n  of  s i l v e r  on the z i n c  c o l l e c t o r .  A s  the  
pe rcen tage  of Ag202 i n  t he  coa t ing  dec reased  w i t h  the same type  of 
t a p e ,  lower o u t p u t  v o l t a g e s  wem o b t a i n e d .  

Coat ing u n i f o r m i t y  and smoothness must be such tha t  the c o l l e c t o r  
c o n t a c t s  e s s e n t i a l l y  a l l  t h e  coated area beneath i t .  With a s c r e e n  
o r  r o l l e r  c o l l e c t o r ,  more roughness could  b e  t o l e r a t e d .  I n c r e a s i n g  
p r e s s u r e  on the c u r r e n t  c o l l e c t o r s  i n c r e a s e d  ou tpu t  on ly  momentarizy 
when good c o n t a c t  was a l r e a d y  being made. A f o r c e  of 2 t o  5 ounces 
was g e n e r a l l y  s u f f i c i e n t  f o r  good c o n t a c t  w i t h  smooth t a p e .  Most 
o f t e n ,  a weight  of 8 ounces was used t o  g i v e  good c o n t a c t  w i th  a wide 
range  of t a p e s .  When there was excess  Ag202 on the t a p e  f o r  t h e  
c o n d i t i o n s  used ,  slowing o r  s topping  the t a p e  u s u a l l y  produced a small 
r ise  i n  oukput ,  a t  least  t empora r i ly .  ThB i s  b e l i e v e d  due t o  be t t e r  
c o n t a c t  w i t h  and improved c o n d u c t i v i t y  of the d i s c h a r g i n g  c o a t i n g .  
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The u s e  of  v e r y  t h i n  (1-3 m i l )  permeable nonwoven materials a l lowed 
h i g h  d i s c h a r g e  rates t o  be a t t a i n e d ,  b u t  f a i l u r e  due t o  z i n c  f o u l i n g  
was r a p i d  i n  many c a s e s .  Materials of low p e r m e a b i l i t y  e l i m i n a t e d  
the f o u l i n g  b u t  a l s o  l i m i t e d  d i s c h a r g e  s e v e r e l y .  The best  compromise 
was t h e  u s e  of  a t h i c k  (10 m i l ) ,  h h l y  permeable s e p a r a t o r / e l e c t r o -  
l y t e  feed t a p e  w i t h  a t h i n  (1-3 m i l  '", c o a t e d  t a p e .  
hydroxymethy lce l lu lose  as a b i n d e r  seemed t o  l i m i t  m i g r a t i o n  of  s i l v e r  
and d e g r a d a t i m  of Ag202 d u r i n g  c o a t i n g .  However, t h e  r e s u l t i n g  
c o a t i n g  was slow t o  wet w i t h  e l e c t r o l y t e ,  r e q u i r i n g  a l o n g e r  c o n t a c t  
l e n g t h  w i t h  e l e c t r o l y t e  t a p e  o r  a s lower  t a p e  speed.  

The7.use bf  

The tes t  r e s u l t s  f o r  tk most similar kapes are compared i n  Table 5. 
The l a s t  two l i n e s  of the  t ab le  g i v e  the  ene rgy  d e n s i t y  i n  watt- 
h r / lb  for t h e  dry  Ag202 c o a t e d  t a p e  above, and f o r  the t a p e  sys tem 
i n c l u d i n g  the  s e p a r a t o r  and 1.1 times t h e  t h e o r e t i c a l  amounts of 
3776 KOH and z inc .  The ene rgy  d e n s i t i e s  c a l c u l a t e d  w i t h  1.1 times the  
t h e o r e t i c a l  amount of z i n c  and t h e  d e c t r o l y t e  a c t u a l l y  s u p p l i e d  range  
from 20 t o  40  wa t t -h r / lb .  
h i g h ,  even a t  c u r r e n t  d e n s i t i e s  n e a r  1 amp/in.2 a l t h o u g h  a d rop  o f f  
a t  h i g h  c u r r e n t  d e n s i t y  i s  a p p a r e n t .  

A s  can be seen  the ca thode  u t i l i z h t i o n  i s  

The r e l a t i o n s h i p  between the  maximum o u t p u t  v o l t a g e  and c u r r e n t  d e n s i t y  
o b t a i n e d  from v a r i o u s  t a p e s  is shown i n  F i g u r e  12 .  The anode area 
v a r i e d  from 0.328 i n . 2  t o  0.985 i n . 2 .  I n  a l l  cases, even though the  
anode area' was changed, t h e  v o l t a g e - c u r r e n t  d e n s i t y  r e l a t i o n s h i p  
remained c o n s t a n t .  

It shou ld  be noted t h a t  t h e  open c i r c u i t  v o l t a g e  was approx ima te ly  1 .6  
t o  1 .65  v o l t s ,  c o n s i d e r a b l y  below the  1.86 open c i r c u i t  p o t e n t i a l  
o f  pr imary  s i l v e r - z i n c  b a t t e r i e s .  T h i s  has r e c e n t l y  been shown t o  be 
caused ,  a t  least  i n  pa r t ,  by t h e  s i l v e r  c u r r e n t  c o l l e c t o r ,  where 
r e a c t i o n  of d i v a l e n t  s i l v e r  ox ide  w i t h  meta l l ic  s i l v e r  can take p l a c e  
t o  form t h e  lower o t e n t i a l  monovalent o x i d e .  S u b s t i t u t i o n  of an 
i n e r t  (go ld -p la t ed  L; c o l l e c t o r  r e s u l t e d  i n  an  open c i r c u i t  v o l t a g e  of t he  
expec ted  v a l u e .  A t  a c u r r e n t  d e n s i t y  of 1 amp/in.2, t h e  o u t p u t  
v o l t a g e  was about 1.4 v o l t s ,  g i v i n g  a v o l t a g e  d rop  due t o  i n t e r n a l  
r e s i s t a n c e  of about 0 .1  v o l t .  

The u t i l i z a t i o n  of s i l v e r  pe rox ide  as a f u n c t i o n  o f  c u r r e n t  d e n s i t y  
i s  shown i n  F igu re  13, which r e p r e s e n t s  t he  bes t  r e s u l t s  o b t a i n e d .  
A t  a c u r r e n t  d e n s i t y  of 1 amp/in.2, a ca thode  u t i l i z a t i o n  of  8576 was 
o b t a i n e d ;  t h i s  was c a l c u l a t e d  on the a s -coa ted"  weight  o f  s i l v e r  
p e r o x i d e .  Again, t he  most c r i t i c a l  re u i r emen t s  f o r  o b t a i n i n g  
h i g h  ca thode  u t i l i z a t i o n  appear t o  be 7 1) a smooth c o a t i n g  w i t h  a 
minimum of b i n d e r  p r e s e n t  and ( 2 )  matching t a p e  speed  t o  d r a i n  ra te .  

11 
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The c u r r e n t  dens i t ies  as f u n c t i o n s  of the tape speed f o r  v a r i o u s  
tape bases and c o a t i n g  t h i c k n e s s e s  are shown i n  F i g u r e s  14 t o  16.  
For  any c o a t i n g  t h i c k n e s s  and tape speed thepe i s  a t h e o r e t i c a l  
maximum c u r r e n t  t h a t  can be drawn from the  system. T h i s  i s  shown by 
t h e  s tna ight  l i n e  pDr t ion  
u t i l i z a t i o n .  The a c t u a l  t e s t  r e s u l t s  are shown by the curved  l i n e s .  
The d e v i a t i o n  of t h e  curved  l i n e  from the 1096 u t i l i z a t i o n  l i n e  g i v e s  
an i n d i c a t i o n  of t h e  c u r r e n t  e f f i c i e n c y  a t  any tape speed .  The 
c u r r e n t  d e n s i t i e s  p l o t t e d  on the  v e r t i c a l  sca.les are the  maximum ones 
o b t a i n e d  wi th  a s t e a d y  v o l t a g e  o u t p u t .  

of the  p l o t s  and i s  labeled lo@ ca thode  

Two i n t e r e s t i n g  p o i n t s  are n o t e d  i n  F i g u r e  16. 
m i l  c o a t i n g s ,  t he  a c t u a l  c u r r e n t  d e n s i t i e s  do nat f a l l  o f f  as 
d r a s t i c a l l y  from t h e  lo@ u t i l i z a t i o n  l i n e  as t h e y  d i d  w i t h  the 3- 
t o  4- m i l  c o a t i n g s  i n  F i g u r e  15. T h i s  i s  p robab ly  due t o  a non- 
u n i f o r m i t y  i n  the  c o a t i n g  t e c h n i q u e .  

F i r s t ,  i n  t h e  3- t o  4- 

Secondly,  the  cu rves  f o r  t h e  5- t o  6- m i l  c o a t i n g s  show a d r a s t i c  
l e v e l i n g  o f f  when compared w i t h  t h e  lO@ u t i l i z a t i o n  l i n e .  S e v e r a l  
e x p l a n a t i o n s  are p o s s i b l e .  T h i s  may a g a i n  be due t o  a nonun i fo rmi ty  
i n  t h e  c o a t i n g  t echn ique  o r  i t  cou ld  mean tha t  a l i m i t i n g  t h i c k n e s s  
of c o a t i n g  was reached  beyond which more a c t i v e  materials c o u l d  n o t  
be e f f i c i e n t l y  u t i l i z e d  a t  h igh  speeds.  

42 



9 cu 

c 

qn 
- W  

W 
85 

t 
d 

0 

I 
I 

I 

6 
t 
I 

I 
I 

I 
I 

0 0 s - 0 a 8 - 0 In cu 

4 3  



I I I I I 

d 0' 
Ln 

0' 
0 
rl 

0 
Ln 
rl 

0 
0 

0 
Ln 
(N (N 

44. 



0 0 8 0 
0 
0 

0 
u) 

45 



V. PHASE 11-PROOF, DEMONSTRATION, AND DELIVERY 

The f e a s i b i l i t y  o f  t h e  dry  t a p e  b a t t e r y  concept  was demonst ra ted  on 
the  l a b o r a t o r y  t e s t  d e v i c e  and with the breadboard  demons t r a t ion  u n i t s  
whdch were d e l i v e r e d .  I n  f u l f i l l m e n t  of t h e  c o n t r a c t ,  4 breadboard  
demons t r a t ion  u n i t s  and 16 s p a r e  kape decks ,  each loaded  wi th  
approximate ly  25 minutes  of t a p e ,  were d e l i v e r e d .  F i g u r e  17 i s  a 
photograph of  one of  the  f i n a l  d e v i c e s .  

A.  DRIVE TESTS 

P r i o r  t o  d e l i v e r y ,  each  of t h e  4 breadboard  demons t r a t ion  u n i t  d r i v e s  
were t e s t ed  w i t h  and  wZthout t a p e s .  To prove s a t i s f a c t o r y  performance 
w i t h  t a p e s ,  a t o t a l  of 20 t a p e  decks were t e s t ed  i n  t h e  4 d r i v e s .  

Each d r i v e  u n i t  was g iven  t h e  f o l l o w i n g  t e s t s :  

1. 

2 .  

3 .  

4. 

B. 

Without t h e  escapement mechanism assembled, t he  s p r i n g  motor was 
wound 22 t imes  and al lowed to : . run  down comple te ly .  The purpose 
of t h i s  check was t o  de te rmine  whether each  s p r i n g  motor  had the  
r e q u i r e d  energy s t o r a g e  c a p a c i t y .  

Also wi thou t  t h e  escapement mechanism, the s p r i n g  motor  was wound 
1/2 t o  1 t u r n  of the key.  The motor was r e q u i r e d  t o  o p e r a t e  w i t h  
t h i s  minimum number of t u r n s  t o  show that the  f r i c t i o n a l  f o r c e s  
were minimal. 

One complete d r i v e  was wound the f u l l  22 t u r n s  of t h e l k e y  and i t s  
rundown p e r i o d  was t imed a t  1 4 4  minu tes ,  which was we l l  i n  e x c e s s  
of tk 25-minute t a p e  deck o p e r a t i o n  r e q u i r e d .  

With the  escapement mechanism assembled,  t h e  s p r i n g  motors  were 
tes ted  w i t h  4 t u r n s  of t h e  key. The complete motor was r e q u i r e d  
t o  o p e r a t e  w i t h  t h i s  minimum number of t u r n s  t o  show t h a t  
f r i c t i o n a l  f o r c e s  were minimal.  

TAPE TESTS 

A l l  20 t a p e  decks were t es ted  w i t h  approximate ly  25  i n c h e s  (25 minu tes  
a t  1 i n c h  p e r  minu te )  of a c t i v e  t a p e .  During t h e  o p e r a t i o n  of each  
t a p e  deck the c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c s  were measured and 
r eco rded .  F igu re  18 shows the range  of v a l u e s  o b t a i n e d  du r ing  these 
tes ts .  

Fol lowing t h i s  t e s t ,  each  t a p e  deck was r e l o a d e d  and the  c u r r e n t  
c o l l e c t o r s  were c l eaned .  The e l e c t r o l y t e  t a p e  c o n t a i n e r s  were t h e n  
sealed and t h e  t a p e  decks packaged and sh ipped .  
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Figure 17. F i n a l  D e n o n s t r a t i o n  Yodel  Dry Tape Battery 
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APPENDIX I1 
- 

REPORT ON WORK DONE FROM 
19 DECEMBER 1963 TO 23 JANUARY 1964 

A. INTRODUCTION 

Our f u t u r e  p l a n s  i n  t h i s  work w i l l  comprise cont inued  development 
of the sys tem i n t o  a more a p p l i c a b l e  end dev ice  as w e l l  as f u r t h e r  
research i n t o  e x o t i c  h i g h  energy  coup les  f o r  i n c o r p o r a t i o n  i n t o  the 
e l e c t r o d e  s t r u c t u r e .  Among the spec i f ic  tasks t o  be accomplished 
are t o :  

1. Devise methods of i n c o r p o r a t i n g  high energy anodes and ca thodes  
i n t o  tape  systems,  

2 .  I n v e s t i g a t e  v a r i o u s  methods o f  e n c a p s u l a t i n g  e l e c t r o l y t e ,  

3. Combine t h e  highest  p o s s i b l e  energy  couple into the  one tape 
c o n f i g u r a t i o n .  

4. Design a t a p e  convers ion  device capable  of supply ing  i t s  own 
power f o r  una t t ended  ope ra t ion ,  and 

5. Work o u t  methods of supply ing  m u l t i p l e  c e l l  v o l t a g e s  f o r  the 
d r y  t a p e  b a t t e r y .  

P r o g r e s s  on these tasks dur ing  t h e  p e r i o d  19 December 1963 t o  23 
Janua ry  1964 i s  d i s c u s s e d  i n  t h i s  r e p o r t .  

B. 

1. 

HIGH ENERGY ANODES AND CATHODES 

A n a l y s i s  of P r o j e c t e d  Capabili t ies 

One p a r t i c u l a r  example of high energy d e n s i t y  system is t h e  magnesium/ 
meta-d in i t robenzene  couple .  
purposes  s i h c e ,  i n  a primary b a t t e r y  c o n f i g u r a t i o n ,  i t s  o u t p u t  i s  
l i m i t e d  by m a s s  t r a n s p o r t  o r  d i f f u s i o n  rather than  by thermodynamics. 
I n  p r e s e n t  pr imary  b a t t e r y  usage ,  it i s  a h igh  ene rgy  d e n s i t y  couple ,  
capab le  o n l y  of low d r a i n  rates.  
could  c o n s i d e r a b l y  improve i t s  d r a i n  capabi l i t i es  s i n c e  the  d i f f u s i o n a l  
l i m i t a t i o n  i s  overcome by mechanica l ly  f e e d i n g  the r e a c t a n t s  t o  t he  
r e a c t i o n  sites. 

T h i s  seems t o  be i d e a l l y  s u i t e d  t o  o u r  

Applying t h i s  couple  t o  a tape 

The magnesium/meta-dinitrobenzene couple  has a t h e o r e t i c a l  energy  d e n s i t y  
of 766 watt hour s  p e r  pound of r e a c t a n t s ,  a f i g u r e  which i n c l u d e s  the  
8 moles of water r e q u i r e d  i n  the  r e d u c t i o n  of each  mole of meta-dini-  
t robenzene .  



F i g u r e s  19(a)and (b’) show the r e s u l t s  of a system a n a l y s i s  based on 
the magnesiwn/meta-dinitrobenzenq couple  a p p l i e d  t o  t h e  tape. The 
graphs show t h e  t o t a l  system weight i n  ounces as a f u n c t i o n  of mis s ion  
time f o r  i n d i v i d u a l  p e r i o d s  of o p e r a t i o n  of 10, 100, 1,000, and 10,000 
hours  and f o r  5 y e a r s .  For  each  c a s e  the tape feed rate i s  one i n c h  
p e r  minute  and the c u r r e n t  ou tpu t  i s  5 amperes f m  the e n t i r e  mis s ion  
t i m e .  I n  each case  the  mechanical  components f o r  the e n t i r e  system 
are s c a l e d  up v e r s i o n s  of t h o s e  used  f o r  the 10-hour mis s ion .  

Cons ide r ing  t h e  lo-, loo-, and 100-hour mis s ion  times [ F i g .  1 9 ( a ) ] ,  
i t  

1. 

2 .  

3 .  

4. 

5. 

6. 

is  seen tha t :  

The e l e c t r o l y t e  capsu le  weight goes from 22 t o  1 4  t o  7 .5  per  c e n t  
of the  t o t a l  w e i g h t .  

The weight of the case goes from 19 t o  13 t o  13 per  c e n t  of the  
t o t a l  w e i g h t .  

The weight  of the  d r i v e  goes from 36 t o  15 t o  2.5 p e r  c e n t  of 
the  t o t a l  weight .  

The ree ls  a r e  c o n s t a n t  a t  38 f o r  t h e  10-hour and 100-hour l e v e l s  
b u t  r i s e  .to 6 p e r  c e n t  of t h e  t o t a l  weight f o r  the 1000-hour 
m i s s i o n .  

The weight of t h e  e l e c t r o l y t e  rises from 6 t o  17 t o  22 per c e n t  
of t h e  t o t a l  weight .  Here it should  be noted  t ha t  the d o t t e d  
l i n e  r e p r e s e n t s  t h e  d i v i d i n g  p o i n t  between t h e  water r e q u i r e d  f o r  
t he  r e a c t i o n  of meta-d in i t robenzene  and t h a t  of t h e  e l e c t r o l y t e .  
It can be seen t h a t  t he  weight of the water of  r e a c t i o n  i s  la rger  
that  t h a t  assumed f o r  e l e c t r o l y t e .  T h i s  p r o p o r t i o n a l i t y  i s  a l s o  
carr ied b u t  no t  t o o  c l e a r l y  seen i n  the 10- and 100-hour mis s ion  
times. 

The weight o f  the  coa ted  tape as a f r a c t i o n  of the  t o t a l  system 
weight r o s e  from 14  t o  38 t o  49 per  c e n t .  

For t he  10-hour m i s s i o n  t h e  t o t a l  energy  d e n s i t y  i s  c a l c u l a t e d  t o  be 
67 wat t -hours  pe r  pound; for t h e  100-hour mis s ion  i t  i s  185 wat t -hours  
p e r  pound; for the  1000-hour mis s ion  i t  i s  235 wat t -hours  p e r  pound. 
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The same a n a l y s i s  i s  carried through i n  F i g .  l g ( b )  f o r  mis s ion  times 
of 10,000 hours  and 5 y e a r s .  Here, the  p o i n t  of maximum r e t u r n  has 
a p p a r e n t l y  been reached  s i n c e  t h e  f r a c t i o n a l  we igh t s  of the  a c t i v e  
components do n o t  i n c r e a s e  and there i s  on ly  a cor responding  token 
rise i n  energy  d e n s i t y .  

2. High Energy Anode Development 

To i n c o r p o r a t e  aluminum or magnesium i n t o  a t a p e  anode , the  fo l lowing  
three s t r u c t u r a l  forms are cons idered  p o s s i b l e :  (1) s o l i d ,  as i n  
f o i l  form; ( 2 )  porous,  as i n  pressed powders or molded e l e c t r o d e s 1  
and ( 3 )  h i g h  area s o l i d ,  as obta ined  from flame sprayed  metals. 
Accordingly,  s t e p s  were t aken  t o  o b t a i n  samples of each  type  f o r  
performance t e s t i n g  under  v a r i o u s  c u r r e n t  d e n s i t i e s .  The f o i l  o r  
sheet s t o c k  was purchased d i r e c t l y  from the  metal manufac turers  and, 
i n  the  c a s e  of Mg, i nc luded  s e v e r a l  a l l o y s .  The flame sp ray ing  was 
accomplished by a l o c a l  vendor on tape backing materials of s e v e r a l  
d i f f e r e n t  composi t ions .  The porous powder t y p e s  w i l l  be manufactured 
i n  the l a b o r a t o r y  u s i n g  a punch and d i e  arrangement des igned  f o r  t h i s  
purpose.  The l a t t e r  is  shown i n  F i g .  2 0 . '  

The t e s t i n  phase i s  scheduled t o  follow, and e l e c t r i c a l  a p p a r a t u s .  and 
P l e x i g l a s  0 b locks  are b e i n g  readied as r e q u i r e d .  
w i l l  i n c l u d e  measurement of t h e  degree of p o l a r i z a t i o n  wi th  i n c r e a s i n g  
c u r r e n t  d e n s i t y  and the effect  of d i f f e r e n t  e l e c t r o l y t e s .  

C .  ELECTROLYTE INCAPSULATION 

Various methods of e l e c t r o l y t e  i n c a p s u l a t i o n  are be ing  cons ide red  t o  
supp ly  e l e c t r o l y t e  as needed f o r  d i s c h a r g e  of the tape bat tery i n  a 
s t o r a b l e  form compat ib le  w i t h  s t o p - s t a r t  o p e r a t i o n .  To ach ieve  a h i g h  
payload of e l e c t r o l y t e ,  t he  c o n t a i n e r  wal l  must be th9n .  The smaller 
the c a p s u l e  s i z e ,  the  t h i n n e r  t h e  capsule wall must be t o  p rov ide  the 
same percentage payload and, consequent ly ,  the  more impermeable the 
wall m a t e r i a l  must be. For  example, w i t h  a 5-micron capsu le ,  f o r  5@ 
volume i n i t i a l  payload,  the  wall  t h i c k n e s s  must be less than 1 micron. 
With a n  assumed requirement  of a minimum payload of 6@ a f t e r  three 
y e a r s  storage, mic ro - s i ze  capsu le s  are e l i m i n a t e d  as a p o s s i b i l i t y  w i t h  
the p r e s e n t  s t a t e - o f  -the-art , a t  least  f o r  i n c a p s u l a t i o n  of aqueous 
phases. I n  f a c t ,  i t  appears that mic rocapsu le s  w i l l  be promising only  
i f  the anode material i s  a t  least p a r t i a l l y  used  as an i n c a p s u l a n t .  
I n  t h i s  way, a much g r e a t e r  capsule  wall t h i c k n e s s  could  be used  
wi thou t  i n c r e a s i n g  t h e  weight p e n a l t y .  

The i n i t i a l  tests 
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A v e r y  l a r g e  macro-capsule can e a s i l y  meet the above payload-s torage  
r equ i r emen t s .  For  example, a 500-cc po lye thy lene  b o t t l e  w i t h  
40-mm wall w i l l  p rovide  a 9576 + payload w i t h  a loss of only  1/4$ 
p e r  year. However, t h t s  means of e l e c t r o l y t e  s t o r a g e  would r e q u i r e  
a d d i t i o n a l  mechanisms t o  d ispense  e l e c t r o l y t e  a t  t h e  r e q u i r e d  ra te  t o  
the  des i red  l o c a t i o n .  Aside from the  a d d i t i o n a l  complexi ty ,  there 
i s  a d e f i n i t e  minimum o p e r a t i o n  t i m e  below which t h i s  method s u f f e r s  
a weight p e n a l t y  compared t o  micro-or-macro-capsules . 
Our a n a l y s i s  i n d i c a t e s  t h a t  f o r  one set  of assumed c o n d i t i o n s ,  t h i s  
minimum o p e r a t i o n  time is of t h e  o r d e r  of s e v e r a l  hundred hours .  
While t h i s  minimum w i l l  v a r y  w i t h  the c o n d i t i o n s ,  a macro-incapsul-  
a t i o n  o f  dimensions s u i t a b l e  f o r  suDply wi th  o r  on t a p e  obv ious ly  
o f f e r s  t h e  most promising approach.With t h i s  method, as w i t h  
mic rocapsu le s ,  o p t i m i z a t i o n  i s  e s s e n t i a l l y  independent of t a p e  t i m e  
and i t  appears p o s s i b l e  t o  f u l f i l l  the  payload and s t o r a g e  
r equ i r emen t s ;  t h i s  i s  n o t  s o  w i t h  mic rocapsu le s .  The methods of 
i n c a p s u l a t i o n  are i l l u s t r a t e d  along w i t h  a summary of t he  r e s u l t s  
of o u r  paper  a n a l y s i s  i n  terms of capsu le  weight  v e r s u s  tape t i m e  
ii? F i g w e  2 1  . Micro incapsu ia t ion  appearst0 o f f e r  a weight 
advantage  ove r  macrocapsules  as shown i n  F igu re  2 1  f o r  a l l  p e r i o d s  
of tape time. T h i s  i s  because l o s s  of e l e c t r o l y t e  payload is no t  
t a k e n  i n t o  account .  When loss of e l e c t r o l y t e  due t o  capsu le  wall 
p e r m e a b i l i t y  is inc luded ,  a l l  th ree  cu rves  i n  F i g u r e  2 1  w i l l  show 
a c u r v a t u r e  upward, the r i se  being steepest f o r m i c r o i n c a p s u l a t i o n .  

D. MULTIPU CELL VOLTAGE 

During the nex t  phase of the d e v e l o p m n t  of a tape b a t t e r y  u s i n g  h i g h  
energy  coup les ,  o p e r a t i o n  a t  h igh  v o l t a g e  ( m u l t i c e l l  vo l t  a g e )  
w i l l  be demonstrated.  The fo l lowing  are three g e n e r a l  approaches 
t o  p r o v i d i n g  a system w i t h  higher v o l t a g e s ,  which have been, and 
w i l l  c o n t i n u e  t o  be,  cons idered:  

(1) The f i rs t  employs a v o l t a g e  convers ion  dev ice  e x t e r n a l  t o  the  
e l e c t r o c h e m i c a l  system. While t h i s  method remains a d i s t i n c t  
p o s s i b i l i t y ,  i t  is f e l t  tha t  the necessary h igh  convers ion  
e f f i c i e n c y  of s u c h  a dev ice  would r e q u i r e  it t o  be designed 
around a c o n s t a n t  l oad .  It would presumably be ope rab le  under  
a va ry ing  load ,  b u t  t h e  e f f i c i e n c y  would s u f f e r .  
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( 2 )  The second method would be t o  use  b i - p o l a r  o r  duplex  
e l e c t r o d e s .  
i t s  major  a p p l i c a t i o n  appeas t o  be f o r  low c u r r e n t  d e v i c e s  
s i n c e  any duplexing  of t a p e s  would n e c e s s a r i l y  i n c r e a s e  t h e  
t a p e  t h i c k n e s s  and dec rease  its f l e x i b i l i t y  t o  such a n  e x t e n t  
t h a t  o p e r a t i o n  between the c u r r e n t  c o l l e c t o r s  m*ght s u f f e r .  
F o r  example, f o r  a b i - p o l a r  t a p e  system o p e r a t i n g  a t  5 amperes’ and 
28 v o l t s ,  the  tape t h i c k n e s s  would be approximate ly  1/4 inch .  
T h i s  would be a rather i n f l e x i b l e  tape. However, there i s  t h e  
p o s s i b i l i t y  of s t o r i n g  i n d i v i d u a l  t a p e s  on separate ree ls  
and duplexing  them j u s t  before they enlter the c u r r e n t  c o l l e c t o r s .  

The t h i r d  method of provid ing  m u l t i p l e  c e l l  v o l t a g e s  i s  perhaps 
the most obvious one: connect ing i n d i v i d u a l  t a p e  deck modules 
i n  series. A schemat ic  drawing of a s i n g l e  module i s  seen i n  
F ig .  22 while a 4 - c e l l  s t a c k  i s  shown i n  F i g .  2 3 .  Each s tack  
of c e l l s  would be powered by a p a r a s i t i c  e l e c t r i c a l  d r i v e  
mounted on the end p l a t e  of t he  s t a c k .  
t h e  development work on t h e  tape concept  t h i s  s t a c ~ i n g  p r i n c i p l e  
w i l l  be used f o r  provid ing  m u l t i p l e  c e l l  v o l t a g e s .  

While t h i s  method o f f e r s  unique advantages,  

( 3 )  

I n  the nex t  phase of 

E. CONVERSION DEVICE DEVELOPMENT 

During t h i s  p e r i o d ,  a l l  of the  w D r k  r e l a t i n g  t o  the mechanical  
d e s i g n  of t he  convers ion  dev ice  covered the s e l e c t i o n  of the  type  
of e l e c t r i c  d r i v e  t o  b u s e d  during t h e  next phase of development. 
I n  l i n e  w i t h  the  o b j e c t i v e s  of a t t a i n i n g  maximum wat t -hours  p e r  
pound of weight,  and having an e l e c t r i c  d r i v e  capab le  of v a r i a b 2 e  
speed o p e r a t i o n ,  the  fo l lowing  d i f f e r e n t  t ypes  of e l e c t r i c  d r i v e s  
were s t u d i e d :  

1. 

2. 

3 .  

4. 

5. 

A 12-VDC permanent magnet motor w i t h  gear t r a i n .  Rheos ta t  i n  
a rma tu re  c i r c u i t  t o  vary  speed. 

A shunt-wound dc motor w i t h  gear t r a i n ;  Rheos ta t  i n  f i e l d  
c i r c u i t  t o  va ry  speed. 

A 3-VDC, cons tan t -speed ,  permanent magnet motor w i th  gear t r a t n ;  
a v a r i a b l e  speed t r ansmiss ion  t o  va ry  speed.  

A s t e p p i n g  motor o r  s o l e n o i d  w i t h  e l e c t r o n i c  p u l s e r ;  e l e c t r o n i c  
p u l s e r  des igned  t o  va ry  pulse  i n t e r v a l  t o  vary  speed. 

A solenoid-wound s p r i n g  motor; an a d j u s t a b l e  escapement mechanism 
t o  vary  speed.  
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After e v a l u a t i n g  v a r i o u s  f a c t o r s ,  t h e  3-VDc, c o n s t a n t  speed motor  
w i t h  gear  t r a i n  and v a r i a b l e  speed t r a n s m i s s i o n  was se lec ted .  
advan tages  of  t h i s  t y p e  of d r i v e  f o r  t h i s  a p p l i c a t i o n  are as f o l l o w s :  

1. Opera t ing  v o l t a g e  i s  low. S ince  t h e  d r i v e  must o p e r a t e  
p a r a s i t i c a l l y  from the  v o l t s g e  g e n e r a t e d  by the  b a t t e r y  'cape, 
low o p e r a t i n g  v o l t a g e  w i l l  o b v i a t e  the  n e c e s s i t y  o f  i n c o r p o r a t i n g  
a DC v o l t a g e  c o n v e r t e r .  

The o u t p u t  t o r q u e  p e r  pound of  weight and p e r  
consumption i s  h igh .  

The p r e s e n t  s t a t e  of the a r t  i n  t he  d e s i g n  of l i g h t w e i g h t ,  
e f f i c i e n t ,  small, DC e l e c t r i c  motors  i s  v e r y  good, w i th  
advances be ing  made c o n t i n u a l l y .  

The 

2 .  u n i t  o f  power 

3 .  

4 .  A s i m p l e ,  l ighweight ,  v a r i a b l e - s p e e d  t r a n s m i s s i o n  i s  feas ib le .  

I n  t h e  c o u r s e  of e v a l u a t i n g  the above d u r i n g  t h i s  p e r i o d ,  i n q u i r i e s  
were s e n t  t o  approximate ly  20 d i f f e r e n t  companies who make small 
e l e c t r i c  motors ,  i n  search of a small ,  l i g h t w e i g h t ,  and e f f i c i e n t  
DC permanent magnet motor .  

A motor  w i t h  g e a r  t r a i n  capable of 30 t o  4 0  ounce-inches a t  an 
o u t p u t  shaf t  speed o f  1 rpm, r e q u i r i n g  a i n p u t  wattage o f  l ess  t h a n  
0.20, and weighing less  t h a n  8 ounces was sough t .  
would be capab le  of d r i v i n g  approx ima te ly  th ree  tape c e l l s .  

Af te r  s e v e r a l  weeks of search a motor  w i t h  these  r equ i r emen t s  was 
o f f e r e d  by the G i a v i n i n i  C o n t r o l s  Corpora t ion .  Accord ingly ,  the  
f o l l o w i n g  two motors  were o r d e r e d :  

Such a motor  

Design Vo l t age ,  VDC 
Output Shaft  Speed, rpm 
I n p u t ,  Milliwatts 
Output Shaft  Torque, oz-in. 
Weight, o z .  

Motor No. 1 

3 
1 rpm 
0:. 21 
30 
8 1/2 

Motor No. 2 

12  
1 
0.21 
30 
8 1/2 

The 12-VDC motor was o r d e r e d  s o  t ha t  expe r imen t s  cou ld  be conducted  
on a r h e o s t a t  c o n t r o l  of speed. 
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APPENDIX I11 

NEW TECHNOLOGY 

The r e p o r t a b l e  items cons ide red  t o  have been developed du r ing  the 
term of the c o n t r a c t  are as fo l lows :  

1. 

2 .  

S i l v e r  peroxide /z inc  t a p e  c e l l  u s i n g  s i l v e r  peroxide  adhered 
t o  a tape base by a polyving? a l c o h o l  b i n d e r  and a second t a p e  
c a r r y i n g  the KOH e l e c t r o l y t e ,  passed between an i n e r t  c a t h o d i c  
c u r r e n t  c o l l e c t o r  and a consumable z i n c  anode du r ing  o p e r a t i o n  
of t h e  c e l l .  T h i s  development i s  d e s c r i b e d  i n  the p r e s e n t  F i n a l  
Repor t .  It i s  cons ide red  a n  i n v e n t i o n ,  and a p a t e n t  a p p l i c a t i o n  
has been p repa red  and f i l e d  on t h i s  development: Be rna rd  A. 
Gruber e t  a l ,  S N  336,557, f i l e d  January  8, 1961, f o r  Dry Tape 
Fuel C e l l .  T h i s  c a s e  has been r e p o r t e d  t o  NASA w i t h  a 
Confirmatory L i c e n s e  t o  the Government, and a r e q u e s t  f o r  waiver  
o f  p a t e n t  t i t l e  r i g h t s .  

Tape o e l l  w i th  p a r a s i t i c  d r ive ,  e l e c t r o l y t e  encapsu la t ed  f o r  
long-term s t o r a g e ,  ard tape c a r r y i n g  anode and cathode r e a c t i o n  
components. T h i s  development is d e s c r i b e d  i n  t h e  p resen t  
F i n a l  Report  t o  the  e x t e n t  t ha t  work has been done up t o  t h e  end 
of the c o n t r a c t  p e r i o d .  It is cons ide red  novel  technology,  b u t  
d e t e r m i n a t i o n  of the p a t e n t a b l e  s t a t u s  of t h i s  work w i l l  have 
t o  await f u r t h e r  p r o g r e s s  of t h e  development, scheduled  t o  take 
place under  a subsequent  c o n t r a c t .  


